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(54) Radiation curable silicone compositions 

(57) A radiation curable silicone coating composi- 
tion is disclosed comprising an alkoxylated resin-poly- 
mer organosilicone network containing radiation 
curable functionality and a cationic photoinitiator. The 
radiation curable silicone compositions of this invention 
are useful as fast curing low and high release coating 
compositions which are especially suitable for release 
of pressure sensitive adhesives. 



O 
CM 

CO 
CO 
O 



a. 

LU 



Printed by Xerox (UK) Business Services 
2.16.7 (HRS)/3.6 



30OCID: <EP t083a05AtJ_> 




EP 1 083 205 A1 




Description 



[0001] This invention provides a radiation curable silicone composition comprising an aikoxylated resin-polymer 
organosilicone network containing radiation curable functionality and a cationic photoinitiator. The radiation curable sil- 
5 icone compositions of this invention are useful as fast curing low and high release coating compositions especially suit- 
able for release of pressure sensitive adhesives. 

[0002] Epoxy functional silicone polymers capable of cationic cure either by photo initiators or thermal initiators have 
been known In the art for some time. For example, U.S. Patent 4,279,717 discloses an ultraviolet-curable coating com- 
position comprising (a) a precrosslinked epoxy functional dialkylepoxy-chainstopped polydialkyl-alkylepoxysiloxane 

10 copolymer fluid, and (b) a bis-aryl iodoniunn salt which Is effective for catalyzing an ultraviolet light initiated cure reaction 
of the polydiorganosiloxane silicone Internnediate fluid, which renders surfaces non-adherent to other surfaces which 
would normally adhere thereto, and which cures to a final non-adherent state upon brief exposure to ultraviolet radia- 
tion. It is further disclosed that the adhesion of the coating composition to a substrate can be improved with the addition 
of p-(3,4-epoxycyclohexyl)ethyltrimethoxysilane. 

15 [0003] U.S. Patent 4,313,988 discloses a crosslinked, polymeric network reaction product of starting materials 
comprising a curable epoxypolysiloxane and optionally an epoxy-terminated silane, said materials are cured in the 
presence of a catalytically effective amount of an epoxy curing catalyst, which is useful as release coatings for adhesive 
roll and sheet materials. 

[0004] U.S. Patent 4,421 ,904 discloses an ultraviolet curable epoxy functional silicone intermediate fluid composi- 
te tion comprising a pre crosslinked epoxy functional diaikylepoxy-chainstopped polydialkyl-alkylepoxysiloxane copoly- 
mer silicone fluid which comprises the reaction product of: (a) a vinyl- or allylic-functional epoxide, (b) a vinyl functional 
siloxane crosslinking fluid. (C) a hydrogen functional siloxane precursor fluid, and (d) an effective amount of precious 
metal catalyst for facilitating an addition cure hydrosilation reaction between components (a), (b) and (c). 
[0005] U.S. Patent 4,822,687 discloses a composite structure comprising a substrate bearing on one or more sur- 
25 faces a layer comprising an epoxypolysiloxane in which greater than 20% of the siloxane units are substituted by an 
oxiranyl group-substituted monovalent, non-cyclic, linear or branched aliphatic group, the epoxypolysiloxane being free 
of epoxy containing cycloaliphatic group -substituted siloxane units. It is further disclosed that the composite structures 
can be adhesive roll and sheet materials in which the novel layer is a release coating. 

[0006] U.S. Patent 4,987.158 discloses an ultraviolet radiation -curable composition comprising (A) a pre- 
30 crosslinked epoxy-functional diorganopolysiloxane and (B) a catalytic amount of an onium salt photocatalyst or a com- 
bination of onium salt photocatalysts which are useful as confomial coatings, optical fiber coatings, and electrical 
encapsulation. 

[0007] U.S. Patent 5,397,813 discloses an ultraviolet curable silicone coating composition comprising: (a) a poly- 
dialkyl-alkylepoxysiloxane fluid, (b) a pre-crosslinked dialkylepoxysiloxy- or trialkylsiloxy-chainstopped polydialkyl- 
35 alkylepoxysiloxane fluid, and (c) an effective amount of a bis-(dodecylphenyl) iodonium salt photocatalyst, the photocat- 
alytic salt being selected from the salts of the group of acids consisting of hexafluoroantimonic acid, hexafluoroarsenic 
acid, hexafluorophosphoric acid and tetrafluoroboric acid. It is further disclosed that the silicone coating compositions 
of this invention are suitable as low release silicone coatings. 

[0008] U.S. Patent 5,360,833 discloses an ultraviolet radiation-curable epoxysilicone composition comprising a 
40 blend of epoxy-functional silicone resins and epoxy-stopped silicone fluids which in the presence of an efficacious 
amount of onium photocatalyst is curable when exposed to ultraviolet radiation, the blend comprising (A) 60% by weight 
epoxy-functional silicone resin, the resin containing Q groups, epoxy functional M groups and at least one member 
selected from D groups and T groups, wherein the resin comprises at least 5 parts of the sum of M groups and epoxy- 
functional M groups per 10 parts of the sum of Q groups, D groups, and T groups; and (B) 40% by weight epoxy- 
45 stopped silicone fluids containing epoxy-functional M groups, and the blend having an epoxy equivalent weight of 
greater than 1000. 

[0009] U.S. Patent 5,198.476 discloses an ultraviolet-curable silicone composition comprising (A) 100 parts by 
weight of an epoxy-functional polyorganosiloxane which comprises structural units represented by the formula 
R R SiO, wherein R^ represents a hydrogen atom or a monovalent hydrocarbon group and R^ represents a hydrogen 

50 atom, a monovalent hydrocarbon group, or a monovalent epoxy-functional organic group, and in which at least two of 
ail the organic groups are a monovalent epoxy-functional organic group. (B) from 1 to 80 parts by weight of at feast one 
copolymer for regulating peel strength, which is soluble in component (A), selected from the group consisting of (i) a 
copolymer represented by a unit structure of MQ or (ii) a copolymer represented by a unit structure of m'^. MT^ 
or mV^. and (iii) a copolymer represented by a unit structure of M^DQ, MD^Q or M^D^Q, wherein M represerits an 

55 R aSiOiyg unit. MA represents an R32R'*SiOi/2 unit, D represents an R\S\0^/2 ""'t. DA represents an R^R'^SiO unit, T 
represents an R^SiOg^g unit, TA represents an R^SiOa/g unit, and Q represents an SiOg unit, wherein R^ is a monova- 
lent hydrocarbon group containing no alkenyl group and R"* is an alkenyl group, and (C) a catalytically effective amount 
of an onium salt as a photoinitiator. 
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[0010] U.S. Patent 5.158.991 discloses a method for increasing the release force of an ultraviolet curable epoxy 
functional polydiorganosiloxane release connposition connprising (A) an epoxy functional diorganopolysiloxane and (B) 
a catalytic amount of a photocatalyst or a combination of photocatalysts comprising (i) contacting (A) and (B) with from 
1% to 30% by weight based on (A) of (C) a siloxane resin comprising monovalent R32SiOi/2 and R^R2^SiOi/2 units and 

5 tetravalent Si04/2 units, the ratio of the monovalent units to tetravalent units being from 0.6:1 to 1 .1 :1 , wherein indi- 
vidually is a monovalent hydrocarbon radical of no more than 2 carbon atoms. is a monovalent epoxy functional 
organic radical of from 2 to 20 carbon atoms, and the R^R2^SiOi/2 units comprising from 1% to 90% of the total number 
of monovalent units present, and (ii) dispersing components (A), j(B) and (C) in (D) a hydrocarbon solvent in an amount 
sufficient to provide the composition with a solids content of from 10 to 50% by weight and a solvent content of from 50 

10 to 90% by weight, the percentages being based on the total weight of Components (B), (C). and (D). 

[0011] U.S. Patent 5,310,601 discloses an improved ultraviolet radiation -curable epoxyfunctional silicone controlled 
release composition comprising (A) an epoxyfunctional diorganopolysiloxane having the general formula 
R2R^SiO(RR^SiO)x(R2SiO)ySiR2R^ wherein R is individually a lower alkyi radical having from 1 to 8 carbon atoms; R"* 
individually is a monovalent cycloaliphatic epoxy-functional organic radical having from 2 to 20 carbon atoms, "x" is a 

15 number ranging from 1 to 50, and "y" is a number ranging from 1 to 1000, (B) a catalytic amount of a photocatalyst or 
a combination of photocatalysts, and (C) from 1% to 30% by weight based on (A) of a siloxane resin comprising mono- 
valent R3^SiOi/2 and R^R2^S10v2 units and tetravalent 8104/2 units, the ratio of the monovalent units to tetravalent units 
being from 0.6:1 to 1.1:1; wherein R^ individually is a monovalent hydrocarbon radical of no more than 2 carbon atoms, 
R^ is a monovalent epoxy functional organic radical of from 2 to 20 carbon atoms, and the R^R2^SiOiy2 ""'ts comprising 

20 from 1% to 90% of the total number of monovalent units present. 

[0012] U.S. Patent 5,369,205 discloses a UV curable epoxysilicone polymer comprising the reaction product of a 
linear low molecular weight SiH containing fluid of the formula MD'^x where M is R3SiOi/2, is R(H)Si02/2 D is 
R2Si02/2 X ranges from 2 to 50, y ranges from 5 to 500, and R is an aliphatic or aromatic radical and a M^'MQ or 
M^'MTQ resin having a ratio of M:Q of 0.3:1 .0 to 2.5:1 and wherein the total weight % vinyl is 0.5 to 5.0 based on the 

25 weight of resin resulting In a hydrosilation partial reaction product and which hydrosiiation partial reaction product is 
then reacted by hydrosilation with an epoxy containing unsaturated compound selected from aliphatic or cycio aliphatic 
epoxies, said reaction product being an epoxy-functional silicone bearing pendant silicone Q resin moieties. 
[0013] Our Invention provides radiation curable silicone compositions comprising an alkoxylated resin-polymer 
organosilicone network containing radiation curable functionality, and a cationic photolnitiator. 

30 [001 4] It is an object of this invention to produce radiation curable silicone compositions which are useful as release 
coating compositions. 

[0015] It is an object of this invention to produce radiation curable silicone compositions which are suitable for 
release of pressure sensitive adhesives. 

[0016] In a first embodiment, our invention provides a radiation curable silicone composition comprising (a) at least 
35 one alkoxylated resin-polymer organosilicone network obtained by a method comprising (I) reacting a mixture compris- 
ing (A) a component selected from (A)(i) at least one silicone polymer containing at least two hydroxy groups. (A)(il) at 
least one organic polymer containing at least two hydroxy groups, and {A)(iii) a mixture of (A)(i) and (A)(ii), (B) an MQ 
organosilicone resin, (C) at least one alkoxysllane containing at least one radiation curable group, and (D) a catalytic 
amount of a basic catalyst, and (II) adding (E) a neutralizing agent to the product of (1); and (b) a cationic photolnitiator, 
40 As used herein, the term "resin -polymer" describes a silicone composition wherein the molecular structure is arranged 
in both a three dimensional network and contains linear structure, and denotes a globular resin species wherein hydric 
polymeric species are attached to either form a graft or link to an adjacent resin particle. 

[0017] "Reacting" for the purposes of this invention denotes simply mixing the ingredients including and any 
optional ingredients, or heating a mixture of the ingredients and any optional ingredients at temperatures above room 

45 temperature, preferably at temperatures above 50**C.. and more preferably at temperatures from 50-1 50°C. 

[0018] The silicone polymer of Component (A)(i) contains at least 2 hydroxy groups, but can contain 3 hydroxy 
groups (a triol) or more, and can be linear, branched, cyclic and combinations thereof with a linear structure being pre- 
ferred. Component {A){i) is preferably a hydroxy-terminated polydiorganosiloxane. The organo substituent is a mono- 
valent hydrocarbon group having from 1 to 20 carbon atoms and the viscosity of the hydroxy-terminated 

50 polydiorganosiloxane is typically from 10 to 60,000 mm^/s. The monovalent hydrocarbon group is exemplified by alkyI 
groups such as methyl, ethyl, propyl, butyl, hexyl, octyl and decyl, cycloaliphatic groups such as cyclohexyl, aryl groups 
such as phenyl, tolyl and xylyl, aralkyi groups such as benzyl and phenylethyl and olefinic hydrocarbon groups such as 
vinyl, allyl, methallyl, butenyl and hexenyl. octenyl. cyclohexenyl and styryl. Alkenyl groups are preferably terminally 
unsaturated. It is highly prefen-ed that the organo substituent is methyl. The monovalent hydrocarbon group can also be 

55 any monovalent hydrocarbon group noted above which has at least one of its hydrogen atoms replaced with a halogen, 
such as fluorine, chlorine or bromine, and these monovalent hydrocarbon groups, are exemplified by CF3CH2CH2- and 
C4F9CH2CH2-. Each organo substituent can be the same or different, as desired. Preferably, Component (A)(i) is a 
hydroxy-terminated polydimethylsiloxane having the formula HO-(Me2SiO)n-H wherein Me denotes methyl and n has a 
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value such that the viscosity of the hydroxy-terminated polydimethylsiloxane is from 10 to 60,000 mm^/s. 
[0019] A combination of two or more different types of silicone polymers containing at least two -OH groups can 
also be used as Component (A)(i), Thus Component (A)(i) can comprise a combination of at least 2 hydroxy-terminated 
polydimethylsiloxanes having viscosities of from 10 to 60,000 mm^/s. When a combination of two or more hydroxy-ter- 
5 minated polydimethylsiloxanes are used, they may be in the fomi of a mixture or may be included as separate compo- 
nents. 

[0020] The organic polymer of Component (A)(li) contains at least 2 hydroxy groups, but can contain 3 hydroxy 
groups (a trtol) or more, and can be linear, branched, cyclic and combinations thereof with a linear structure being pre- 
ferred. Component (A)(ii) Is exemplified by polybutylene glycol, polypropylene glycol , polyethylene glycol-propylene 
10 glycol copolymers and polyethylene glycol-polybutylene glycol copolymers. Preferably, Component (A)(il) is polybuty- 
lene glycol. 

[0021] Component (A) can also be a mixture of (A)(i) and (A)(ii). The silicone polymers of (A)(1) and organic poly- 
mers of (A)(ii) are as described hereinabove including preferred embodiments thereof. A mixture of (A)(i) and (A)(ii) can 
be generally used in a weight ratio of (A)(i) to (A)(ii) of from 1 :99 to 99:1 , depending on the ultimate application. 
15 [0022] For purposes of this invention, from 1 to 99 wt% of Component (A) can be used and it is highly prefen-ed that 
from 10 to 90 wt% be used, said wt% being based on the total weight of the formulation. 

[0023] The silicone resins of Component (B) are macromolecular polymers consisting essentially of R3SiO-,/2 and 
Si04/2 siloxy units, wherein R is a functional or nonfunctional organic group. Such units are conventionally called M and 
Q units, respectively. Those skilled in the art will appreciate that such resins may also include a limited number of 
20 R2Si02/2 and RSi03/2 siloxy units, conventionally referred to as D and T units, respectively. Generally speaking, the 
term "MQ resin" is used to describe organosilicone resins wherein the quantity of T and D units does not, on average, 
exceed 20 mole percent Thus, organosilicone resins that primarily consist essentially of M and Q units are frequently 
referred to as MQ resins. 

[0024] In the method of the invention, preferably Component (B) is an MQ organosilicone resin having the empirical 
25 formula 



[R3SiOi/2]3[R2Si02/2]b[RSi03/2]JSi04^]rf 

wherein each R is independently a methyl group or a hydroxyl group and a, b, c and d are zero or positive numerical 
30 values with the provisos that a + b + c + d = 1 , 0 < (b + c) < 0.2 and the ratio of a:(b+c+d) is from 0.3:1 to 1:1. 

[0025] As previously mentioned, MQ resins may contain a limited number of D and T units. Thus, the value of 
parameters a, b, c and d are limited as set forth above such that the number of D and T units does not exceed 20 per- 
cent of the number of siloxy units. 

[0026] Furthermore, the above limitations dictate that the number of M units must be greater than at least 0.3 of the 
35 sum of the number of D, T and Q units. The ratio of M units to the sum of D, T and Q units is inversely proportional to 
the molecular weight of the resin. Thus, when the ratio of M:(D+T+Q) Is greater than 1:1, the MQ resin behaves more 
as a liquid than a solid. Hence, when that ratio is in excess of 1:1, Mn of the resin is generally less than 2.200. Con- 
versely, when that ratio Is less than 0.3, Mn generally exceeds 7,700 and the resin looses its solubility In aromatic sol- 
vents. 

40 [0027] For purposes of this invention, from 1 to 99 wt% of the MQ organosilicone resin (B) can be used, preferably 
from 1 to 40 wt% be used, and it is highly preferred that from 5 to 25 wt% be used, said wt% being based on the total 
weight of the formulation. 

[0028] Component (C) of the invention is at least one alkoxysilane containing at least one radiation curable group. 
The alkoxysilane is exemplified by a compound having the empirical formula R\Si(OR2)j4.^j wherein x is 1 , 2 or 3, R^ 
45 is independently selected from alkyi groups and a radiation curable group selected from epoxy containing groups, acry- 
loxy groups and methacryloxy groups, and R^ is an alkyl group having from 1 to 6 carbon atoms with the proviso that 
at least one R^ is a radiation curable group. Because of availability, cost and reactivity, methoxy silanes and ethoxy 
silanes are the most preferred. 

[0029] It is important to note that Component (C) does not include tetra alkoxysiianes. It was found that when a pure 
50 tetra alkoxysilane. such as tetra methoxy silane, was reacted with the MQ resins of Component (B) in the presence of 

(D) a basic catalyst, the system had a tendency to produce an intractable precipitate. It is speculated that the use of 

tetra alkoxysiianes promotes intermolecular condensation and linkage, leading to insoluble high molecular weights. 

Those skilled in the art will recognize, however, that the use of a limited amount of a tetra alkoxysilane in combination 

with either mono-, di- or trialkoxysilanes is not specifically excluded in the practice of the present invention, except to 
55 the extent that such inclusion leads to an unacceptable quantity of intractable precipitate. 

[0030] Preferably x has a value of 1. The alkyl groups of R^ are exemplified by methyl, ethyl, propyl, butyl, pentyl. 

hexyl. octyl. decyl, dodecyl and octadecyl. 

[0031] The epoxy containing groups of R^ are exemplified by 1 ,2-epoxyethyl, 2,3-epoxypropyl. 3.4-epoxybutyl. 5,6- 
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epoxyhexyl. 9.10-epoxydecyl, glycidoxymethyl. alpha-glycidoxyethyl, beta-glycidoxyethyl. alp ha-glycidoxy propyl, beta- 
glycidoxypropyl. gamma-glycidoxy propyl. 2-(3,4-epoxycyclohexyl)ethyl. 3-(3,4-epoxycyclohexyl)propyl and 3.4-epoxy- 
cyclohexyibutyl. 

[0032] The acryloxy groups of are exemplified by gamma-acryloxymethyl. gamma-acryloxyethyl and gamma- 
5 acryloxypropyl. 

[0033] The methacryloxy groups of are exemplified by gamma-methacryloxymethyl, gamma-methacryloxyethyl 
and gamma-methacryloxypropyl. with gamma-acryloxypropyl and gamma-methacryloxypropyl being preferred. 
[0034] The alkyi groups of R^ are exemplifiedby methyl, ethyl, propyl, butyl, pentyl and hexyl. with methyl being pre- 
ferred. 

10 [0035] Particularly preferred alkoxysilanes for Component (C) include glycidoxymethyltriethoxysilane. alpha-glyci- 
doxyethyl trimethoxysilane, alpha-glycidoxyethyltriethoxysilane. beta-glycidoxyethyltrimethoxysilane, beta-glycidox- 
yethyltriethoxysilane, alpha-glycidoxypropyltrimethoxysilane, alpha-glycidoxypropyltriethoxysilane. beta- 
glycidoxypropyltrimethoxysilane, beta-glycidoxypropyltriethoxysilane. gamma-glycidoxypropyltrimethoxysilane, 
gamma-glycidoxypropylmethyldimethoxysilane. gamma-glycidoxypropyldimethylethoxysilane and 2-(3,4-epoxycy- 

15 clohexyl)ethyltrimethoxysilane. with gamma-glycidoxypropyltrimethoxysilane. and 2(3.4-epoxycyciohexyl)ethyltrimeth- 
oxysilane being preferred, and 2(3.4-epoxycyclohexyl)ethyttrimethoxysilane being especially preferred. 
[0036] For purposes of this invention, from 1 to 99 wt% of the alkoxysilane (C) can be used and it is highly preferred 
that from 5 to 30 wt% be used, said wt% being based on the total weight of the formulation. 

[0037] Component (D) of the invention comprises a catalytic amount of a basic catalyst. Suitable basic catalysts 
20 Include but are not limited to NaOH, KOH. NaOCHa, LiOH. potassium tertiary butoxide. LiOCHa. KOCH3. sodium 
silanolate and amines such as ethanolamine, tetrabutylammonium fluoride. It should be noted that amines will serve to 
catalyze the reaction of the invention, but at a considerably slower rate when compared to the remaining aforemen- 
tioned basic catalysts. 

[0038] As used herein, the term "catalytic amount" is such an amount of catalyst that causes the reaction of the 
25 invention to proceed at a predetermined desired rate. The catalytic amount of catalyst will, of course, depend upon the 
type of basic catalyst, as some are more effective than others. It is preferred for purposes of this invention that from 
0.001 to 10.0 wt% of the basic catalyst (D) be used, and it is highly preferred that from 0.01 to 1.0 wt% be used, said 
wt% being based on the total weight of the formulation, 

[0039] In the preferred embodiment of the invention, the reacting step (I) is carried out under conditions of reflux. 

30 While it is known that the reaction will proceed at room temperature conditions, it is well-known in the art that reaction 
rates are accelerated at elevated temperatures. The MQ resin, as dissolved in an aromatic solvent, may be directly 
reacted. In one embodiment of the invention, a volatiles trap is employed which then substantially separates the aro- 
matic solvent and alcohols (whether intentionally introduced or generated during reaction) from the alkoxylated resin. 
[0040] The neutralizing step (II) is easily can-ied out by the addition of (E) a neutralizing agent such as an acid. 

35 exemplified by solid carbon dioxide or acetic acid, to the reaction mixture, after step (I). Solid carbon dioxide is particu- 
larly useful in this regard as any excess will simply leave the reaction mixture in the form of vapor. Other useful neutral- 
izing agents include acetic acid and chlorosilanes. A sufficient amount of Component (E). the neutralizing agent, must 
be added to Insure the base is completely neutralized. Generally, a 1 00% excess of neutralizing agent, preferably acetic 
acid, is added. 

40 [0041] The mixture of step (I) can further comprise an alkyI functional alkoxysilane. Particularly preferred alkyI func- 
tional alkoxysilanes are exemplified by methyltrimethoxysilane and dimethyldimethoxysilane. with methyltrimethoxysi- 
lane being especially preferred. 

[0042] For purposes of this invention, preferably from 1 to 50 weight parts of the alkyI functional alkoxysilane be 
used per 100 weight parts of Components (A)+(B)+{C)+{DHE) , and it is highly prefenred that from 10 to 30 weight 
45 parts be used per 1 00 weight parts of Components {A)+(B)-»-(C)+(D)+(E) . 

[0043] The mixture of step (I) can further comprise water. Preferably the water is distilled water. For purposes of this 
invention, preferably from 1 to 10 weight parts of water be used per 100 weight parts of Components 
A)^(B)+(C)+{D)+(E). 

[0044] When Component (C) is an epoxy functional alkoxysilane. the method of this invention can further comprise 
50 reacting the product of (II) with a mixture comprising (H) an organic acid exemplified by unsaturated carboxylic acids 
such as acrylic acid, methacrylic acid, itaconic acid, maleic acid, furmaric acid and (J) a basic catalyst as described 
above, including prefen-ed embodiments thereof. This mixture can further comprise a solvent such as toluene, and a 
stabilizer such as phenothiazine. Preferably Component (H) is acrylic acid or methacrylic acid. Preferably. Component 
(H) is present in the mixture from 1 to 10 weight parts per 100 parts of the product of (II). and Component (J) is present 
55 in the mixture from 0.01 to 1 0 weight parts per 1 00 weight parts of the product of (II) preferably 1 parts per 100 parts of 
the product of (II). 

[0045] Component (a) can also be a combination of two or more different alkoxylated resin-polymer organosilicone 
networks, where the second alkoxylated resin-polymer organosilicone network differs in the type of components used, 
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or differs in the weight ratio of ingredients used to prepare the formulation. 

[0046] It is preferred for purposes of this invention that from 95 to 99.9 wt% of the alkoxylated resin-polymer orga- 
nosilicone network (a) be used, and it is highly preferred that from 99 to 99.5 wt% be used, said wt% being based on 
the total weight of the radiation curable silicone composition. 

[0047] Component (b) in the compositions of this invention is a cationic photo initiator. Suitable cationic photoinitia- 
tors are selected from onium salts, diaryliodonium salts of sulfonic acids, triarylsulfonium salts of sulfonic acids, diaryl- 
iodonium salts of boronic acids and triarylsulfonium salts of boronic acids. 

[0048j The onium salts are preferably selected from H\ru\^\ R^aS-^MX^ . R^aSe-^MX^-. R^4p^MXp and 
R 4N"^MXn"wherein each R^ is an organic group having from 1 to 30 carbon atoms exemplified by aromatic carbocyclic 
groups having from 6 to 20 carbon atoms. Each can be substituted with from 1 to 4 monovalent hydrocarbon groups 
exemplified by alkoxy groups having from 1 to 8 carbon atoms, alkyi groups having from 1 to 8 carbon atoms, nitro, 
chloro, bromo, cyano, carboxyl, mercapto and aromatic heterocyclic groups exemplified by pyridyl, thiophenyl, and pyra- 
nyi. The symbol M in the formulae hereinabove are metals or metalloids which include transition metals exemplified by 
Sb, Fe. Sn, Bi, Al, Ga, In, Ti, 2r, So, V, Cr, Mn, Cs, rare earth metals exemplified by ianthanides, for example, Cd, Prand 
Nd and metalloids exemplified by B, P and As. MX^,- is a non-basic, non-nucleophilic anion exemplified by BF4-, PFg, 
AsFg, SbPg. SbClg-, HSO4-, CIO4-, FeCl4=, SnClgand BiCl5=. 

[0049] Preferred onium salts are exemplified by bis-diaryl iodonium salts, for example, bis(dodecyl phenyl) iodo- 
nium hexafluoroarsenate, bis(dodecylphenyl) iodonium hexafluoroantimonate and dialkylphenyl iodonium hexafluoro- 
antimonate. 

[0050] Diaryliodonium salts of sulfonic acids, triarylsulfonium salts of sulfonic acids, diaryliodonium salts of boronic 
acids and triarylsulfonium salts of boronic acids are also suitable as the cationic photoinitiator (b). Preferred diaryliodo- 
nium salts of sulfonic acid are diaryliodonium salts of perfluoroalkylsutfonic acids and diaryliodonium salts of aryt sul- 
fonic acids. Preferred diaryliodonium salts of perfluoroalkylsulfonic acids are exemplified by diaryliodonium salts of 
perfluorobutanesulfonic acid, diaryliodonium salts of perfluoroethanesulfonic acid, diaryliodonium salts of perfluoro- 
25 octanesulfonic acid, and diaryliodonium salts of trifluoromethane sulfonic acid. Preferred diaryliodonium salts of aryl 
sulfonic acids are exemplified by diaryliodonium salts of para-toluene sulfonic acid, diaryliodonium salts of dodecylben- 
zene sulfonic acid, diaryliodonium salts of benzene sulfonic acid and diaryliodonium salts of S-nitrobenzene sulfonic 
acid, 

[0051] Preferred triarylsulfonium salts of sulfonic acid are triarylsulfonium salts of perfluoroalkylsulfonic acids and 
30 triarylsulfonium salts of aryl sulfonic acids. Preferred triarylsulfonium salts of perfluoroalkylsulfonic acids are exemplified 
by triarylsulfonium salts of perfluorobutanesulfonic acid, triarylsulfonium salts of perfluoroethanesulfonic acid, triarylsul- 
fonium salts of perfluoro-octanesulfonic acid and triarylsulfonium salts of trifluoromethane sulfonic acid. Preferred triar- 
ylsulfonium salts of aryl sulfonic acids are exemplified by triarylsulfonium salts of para-toluene sulfonic acid, 
triarylsulfonium salts of dodecylbenzene sulfonic acid, triarylsulfonium salts of benzene sulfonic acid and triarylsulfo- 
35 nium salts of S-nitrobenzene sulfonic acid. 

[0052] Preferred diaryliodonium salts of boronic acids and triarylsulfonium salts of boronic acids are compounds 
such as those disclosed in European Patent Application No. 0562922. Preferred diaryliodonium salts of boronic acids 
include diaryliodonium salts of perhaloarylboronic acids and preferred triarylsulfonium salts of boronic acids are the tri- 
arylsulfonium salts of perhaloarylboronic acid. 
40 [0053] Preferably component (b) is selected from bis(dodecyl phenyl) iodonium hexafluoroarsenate. bis(dodecyl- 
phenyl) iodonium hexafluoroantimonate and dialkylphenyl iodonium hexafluoroantimonate. with bis(dodecylphenyl) 
iodonium hexafluoroantimonate being especially preferred. 

[0054] Preferably the amount of cationic photoinitiator (b) is from 0.1 to 5 wt% based on the total weight of the com- 
position, and it is highly prefen-ed to use from 0.5 to 1 wt=?4 based on the total weight of the radiation curable silicone 
45 composition. 

[0055] The radiation curable silicone compositions of this invention can further comprise (c) a free radical photoin- 
itiator The free radical photoinitiator can be any benzoin exemplified by benzoin alkyI ethers, acetophenones exempli- 
fied by dialkoxyacetophenones, dichloroacetophenones and trichloroacetophenones. benzils exempted by benzil 
ketals. quinones and O-acylated -a-oximinoketones. Preferably the free radical photoinitiator is a compound having the 
50 formula 

55 



p.. 

wherein R' is selected from -H. an alkoxy group and a halogen atom. R" is selected from -OH, an alkoxy group, and a 
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halogen atom and R"' is selected from -H. an alkyi group and a halogen atom. Preferred embodiments of this com- 
pound are (i) where R' is -H, R" is -OH and R'" is methyl or phenyl, (ii) where R' is -H, R"is an alkoxy group and R"'is 
phenyl (for benzoin alkyI ethers), (iii) where both R' and R" are alkoxy groups and R'" is phenyl (for benzil ketals), (iv) 
where both R' and R" are alkoxy groups and R"' is -H (for dialkoxyacetophenones). and (v) where both R' and R" are 
5 -CI and R is -CI or -H (for di- and tri- chloroacetophenones). it is especially preferred for the compositions that the free 
radical photoinitiator is Darocure® 1173 (2-hydroxy-2-methyl-l-phenyl-propan-l-one). 

[0056J Preferably the amount of free radical photoinitiator is from 0,01 to 5 weight parts per 100 weight parts of 
Components (a)+(b). it is highly preferred to use from 0.5 to 1 weight parts per 100 weight parts of Components (a)+(b). 
[0057] The radiation curable silicone compositions of this invention can also further comprise (d) sensitizers exem- 
10 plified by thioxanthones such as 2-chlorothioxanthone, 4-chlorothioxanthone, 2-isopropylthioxanthone, 4-isopropylthi- 
oxanthone, 2-methylthioxanthone, 2-decyithioxanthone and 2-dodecylthioxanthone. These can be made in known ways 
and also are available from commercial sources. Preferred is 2-isopropylthioxanthone. 

[0058] Preferably the amount of sensitizer is from 0.001 to 2 weight parts per 100 weight parts of Components 

(a) +(b), it is highly preferred to use from 0.01 to 0.1 weight parts per 100 weight parts of Components (a)+(b). 

15 [0059] * In a second embodiment, this invention also relates to a radiation curable silicone composition comprising 
(a*) at least one alkoxylated resin-polymer organosilicone network obtained by a method comprising (I) reacting a mix- 
ture comprising (A) a Component selected from (A)(i) at least one silicone polymer containing at least two hydroxy 
groups, (A)(ii) at least one organic polymer containing at least two hydroxy groups, and (A)(iii) a mixture of (A)(i) and 
(A)(ii), (B) an MQ organosilicone resin. (C) at least one alkyI functional alkoxysilane, and (D) a catalytic amount of a 

20 basic catalyst. (II) adding (E) a neutralizing agent to the product of (I); (III) reacting the product of (II) with (F) a mono- 
organic alcohol containing at least one radiation curable group in the presence of (G) a transesterification catalyst; and 

(b) a cationic photoinitiator. 

[0060] Components (A). (B). (D). (E) and cationic photoinitiator are as described hereinabove including preferred 
embodiments and amounts thereof. 
25 [0061] Component (C) the alkyI functional alkoxysilane is exemplified by a compound having the empirical, fomnula 

R\Si(OR2)j4.,j 

wherein x is 1, 2 or 3. R^ is independently an alkyI group, and R^ is an alkyl group having from 1 to 6 carbon atoms. 

30 Because of availability, cost and reactivity, methoxy silanes and ethoxy silanes are the most preferred. 

[0062] It is important to note that Component (C) does not include tetra alkoxysilanes. It was found that when a 
pure tetra alkoxysilane. such as tetra methoxy silane, was reacted with the MQ resins of Component (B) in the presence 
of (D) a basic catalyst, the system had a tendency to produce an intractable precipitate. It is speculated that the use of 
tetra alkoxysilanes promotes intermolecular condensation and linkage, lead to insoluble high molecular weights. Those 

35 skilled in the art will recognize, however, that the use of a limited amount of a tetra alkoxysilane in combination with, 
either mono-, di-, or trialkoxysilanes is not specifically excluded in the practice of the present invention, except to the 
extent that such inclusion leads to an unacceptable quantity of intractable precipitate. 

[0063] The alkyl groups of R^ are exemplified by methyl, ethyl, propyl, butyl, pentyl. hexyl. octyl. decyl. dodecyl and 
octadecyl. 

40 [0064] Particularly preferred alkoxysilanes for Component (C) include methyltrimethoxysilane and dimethyldimeth- 
oxysilane. Component (C) can also be a combination of two or more of any of the above described alkyl functional 
alkoxysilanes. Preferred combinations are exemplified by a combination of methyltrimethoxysilane and dimethyldimeth- 
oxysilane. 

[0065] For purposes of this invention from 1 to 99 wt% of the alkoxysilane (C) can be used, and it is highly preferred 
45 that from 5 to 30 wt% be used, said wt% being based on the total weight of the formulation. 

[0066] The radiation curable mono-organic alcohol (F) is exemplified by hydroxyalkylvinylethers and hydroxyalky- 
lacrylates. The hydroxyalkylvinylethers are exemplified by hydroxyethylvinylethers, hydroxybutylvinylethers and 
hydroxymethylcyclohexylvinylethers and the hydroxyalkylacrylates are exemplified by hydroxymethacrylates, hydrox- 
yethylacrylates. hydroxyethylmethacrylates, hydroxypropylacrylates. hydroxypropylmethacrylates. propylene glycol 
50 monomethacrylates and hydroxybutylacrylates. Preferably the mono-organic alcohol is selected from 4-hydroxybutylvi- 
nylether and 4-hydroxybutylacrylate, with 4-hydroxybutylvinylether being especially prefen-ed. 

[0067] The transesterification catalyst (G) is preferably selected from organotin compounds, organotitanate com- 
pounds and chelated titanium compounds. The organotin compounds are exemplified by stannous carboxylates and 
diorganotin dicarboxylates. The stannous carboxylates are exemplified by stannous octoate. stannous 2-ethylhexoate, 
55 Stannous neodecanoate, stannous isooctanoate. stannous isodecanoate and stannous 2.2-dimethyldecanoate. The 
diorganotin dicarboxylates are exemplified by dibutyltin diacetate. dibutyltin dilaurate, dibutyltin dioctoate and dimethyl^ 
tin dilaurate. 

[0068] The organotitanate compounds are exemplified by tetraalkyltitanates such as tetrabutyltitanate, tetraisopro- 
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pyltitanate, tetramethyltitanate and tetraoctyltitanate. 

[0069] The chelated titanium compounds are exemplified dilsopropoxy titanium bis-(ethylacetoacetonate), diisopro- 
poxy titanium bis-(methyl acetoacetonate), diisopropoxy titanium bis-(acetylacetonate), dibutoxy titanium bis-(ethyl ace- 
toacetonate) and dimethoxy titanium bis-(methyl acetoacetonate). Preferably the transesterification catalyst is a 
tetraalkyltitanate and especially preferred is tetrabutyltitanate. 

[0070] The radiation curable mono-organic alcohol (F) can be part of the mixture of Step (I), or can be added after 
Step (I) but before the transesterification catalyst (G). or can be added after adding the transesterification catalyst, or 
can be added as a mixture of transesterification catalyst and radiation curable mono-organic alcohol. 
[0071] For purposes of this invention, from 5 to 50 wt% of the radiation curable mono-organic alcohol (F) can be 
used, and it is highly prefenred that from 1 0 to 30 wt% be used, said wt% being based on the total weight of the formu- 
lation. 

[0072] For purposes of this invention, from 0.0001 to 5 wt% of the transesterification catalyst (G) can be used, and 
it is highly preferred that from 0.01 to 1 wfA be used, said wt% being based on the total weight of the formulation! 
[0073] The radiation curable silicone compositions in the second embodiment of this invention can further comprise 
15 (C) a free radical photo initiator. The free radical photoinitiator is as described above including preferred embodiments 
and amounts thereof. 

[0074] The radiation curable silicone compositions in the second embodiment of this invention can also further 
comprise (d) a sensitizer. The sensitizer is as described above including preferred embodiments and amounts thereof. 
[0075] The radiation curable silicone compositions of this invention can also contain ingredients exemplified by rein- 
20 forcing and extending fillers, hydrocarbons and halohydrocarbons, colorants, dyes, preservatives, fragrances, stabiliz- 
ers, adhesion modifiers or diluents. 

[0076] The radiation curable silicone compositions of this invention can be prepared by mixing the materials 
described hereinabove and any optional components in any order, using any suitable mixing means, such as a spatula, 
a drum roller, a mechanical stirrer, a three-roll mill, a sIgma blade mixer, a bread dough mixer or a two-roll mill. 
[0077] The present invention further relates to a method of making an article of manufacture comprising (I) applying 
a radiation curable silicone composition comprising Components (a) and (b) and any optional ingredients, or a radiation 
curable silicone composition comprising Components (a*) and (b') and any optional ingredients, all of which are 
described hereinabove, to a solid substrate to form a coating, and (II) exposing the coating to an energy source selected 
from (i) actinic radiation and (ii) actinic radiation in combination with heat in an amount sufficient to cure the coating. 
[0078] The coating may be applied by any suitable manner known in the art, such as by spreading, brushing 
extruding, spraying, gravure, kiss-roll and air-knife. 

[0079] In a preferred embodiment, the solid substrate is a flexible sheet material such as paper, polyolef in film, poly- 
olefin-coated paper or foil. Other suitable solid substrates that can be coated by the method of this invention iriclude 
other cellulosic materials such as wood, cardboard and cotton; metallic materials such as aluminum, copper, steel and 
silver; siliceous materials such as glass and stone; and synthetic polymer materials such as polyolefins. polyamides, 
polyesters and polyacrylates. As to form, the solid substrate can be substantially sheet-like, such as a peelable release 
liner for pressure sensitive adhesive; a fabric or a foil; or substantially three-dimensional in form. 
[0080] By actinic radiation, it is meant ultraviolet light; electron beam radiation; or alpha-, beta-, gamma-or x-rays. 
By heat, it is meant infrared radiation, hot-air or microwave radiation. Of course, actinic radiation is frequently accom- 
panied by heat and the use of a combination of the two falls within the scope and spirit of the present invention. Herein 
the term "cure", as applied to the composition and method of this invention, generally denotes a chemical change which 
leads to a change in the state of the composition from a liquid to a solid. Curing itself may be achieved in any of the 
known ways, including passing a coated substrate under the desired source of radiation, for example a UV lamp, at a 
predetermined rate and exposing a completely coated substrate to radiation by switching on the required energy source 
45 for a predetermined time. 

[0081] In a preferred embodiment, a flexible sheet material, such as paper, metal foil or tapestock, is coated with a 
thin coating of the radiation curable silicone composition, preferably in a continuous manner, and the thus-coated mate- 
rial is then heated and/or irradiated to rapidly cure the coating, to provide a sheetlike material bearing on at least one 
surface thereof an adhesive-releasing coating. The adhesive-releasing coating is subsequently brought into contact 
with an adhesive, preferably in an in-line manner, to form an article having a peelable, i.e. releasable, adhesive/coating 
interface. Examples of such an article include, adhesive labels having a peelable backing, adhesive tape in roll form and 
adhesive packaged in a strippable container. The adhesive can be a non-si licone-based pressure sensitive adhesive 
such as the well-known acrylic or rubber types or a silicone-based pressure sensitive adhesive such as the peroxide- 
or platinum-curable polydiorganosiloxane-based adhesives. The adhesive can also be those used in foods, asphalt and 
55 gum polymers. The compositions of the present invention are useful as release coatings for pressure sensitive adhe- 
sives. as protective coatings and decorative coatings. 

[0082] In the examples hereinbelow. all amounts (parts and percentages) are by weight unless otherwise indicated 
[0083] In the Examples hereinbelow: 



25 
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Polymer 1 denotes a hydroxy-terminated polydimethylsiloxane having a viscosity of 55,000 mm^/s. 
Polymer 2 denotes a hydroxy-terminated polydimethylsiloxane having a viscosity of 5,000 mm^/s. 
Polymer 3 denotes a hydroxy-terminated polydimethylsiloxane having a viscosity of 2,000 mm^/s. 
Polymer 4 denotes a hydroxy-terminated polydimethylsiloxane having a viscosity of 1 3,500 mm^/s. 
5 Polymer 5 denotes a hydroxy-terminated polydimethylsiloxane having a viscosity of 75 mm^/s. 

Polymer 6 denotes a hydroxy-terminated polydimethylsiloxane having a viscosity of 41 mm^/s. 

[0084] MQ Resin denotes a 74 wt% xylene solution of an MQ organosilicone resin consisting of (CH3)3SiOi/2 units 
(M units) and Si02 units (Q units) in a molar ratio of 0.75:1 . 

10 

Epoxysilane 1 denotes 2-{3.4-epoxycyclohexyl)ethyltrimethoxysilane (Silquest™ A 186 Silane available from OSi 
Specialties, Danbury, Conn.). 

Epoxysilane 2 denotes gam ma-giycidoxyp ropy Itrimethoxysi lane. 
MTM denotes methyltrimethoxysilane. 
75 NaOMe denotes sodium meth oxide. 

[0085] Cure was determined in the following manner: Samples for UV cure were combined with 2 wt% of UV 9380C 
{bis{dodecylphenyl)iodonium hexafluoroantimonate from General Electric Company, Silicone Products Division. Water- 
ford, NY) and coated at approximately 1 lb/ream (.6 kg/ream) on Mylar film. Cure was monitored by NNN (no smear, no 

20 rub off. no transfer to adhesive). As the surface chemistries of different grades of plastic films have a profound effect on 
the ability of a coating to adhere, as Is being measured in the rub off test of NNN, failure to adhere was noted, but not 
used as a measure of cure. Samples were cured on a conveyer passing under a 300 watt H (1080 kJ) bulb. Cure was 
reported as the maximum speed at which NNN was achievable, i.e. 30 to 512 ft/min (9.2 to 156 m/min). 
[0086] Release values were determined in the following manner: The radiation curable silicone compositions were 

25 each coated onto biaxially oriented polypropylene and cured by exposure to a Fusion UV Processor equipped with an 
■ H-bulb with an irradiating power of 600 watts/in^ (930 kJ/m^). The coated films were aged at room temperature for 1 
day. then laminated with an acrylic based tape, Tesa® 7475. The laminates were aged at room temperature for the time 
indicated prior to determining the release force. 'Release forces were measured at various peel speeds at a 1 80° peel 
angle. 

30 

Example 1 

[0087] A series of eight experiments were run varying only the amount of water added. 90 g of Polymer 5, 1 9 g of 
Epoxysilane 1 , 1 .2 g of 25 wt % NaOMe in methanol, and an amount in g of water as defined in Table 1 were combined 
35 ^ in a round bottom flask with condenser and warmed to 80°C. for 30 minutes, at which point 1 5 g of MQ resin was added. 
The mixture was heated a further 4 hours at 80°C,. then the. base was neutralized with 0.6 g of acetic acid. The neutral- 
ized fluid was stripped at ^50'*C. and 5mmHg (665 Pa) pressure for 1 hour. The cure and release force results are 
shown in Table 1 . 



40 

Table 1 





Sample # 


H20 (g) 


Viscosity (mm^/s) 


Cure: Speed/Power 
(m/min// J) 


Release: g/cm 
(101 6cm/min) 


45 




0 


79 


104/1080 


8.3 


2 


.25 


147 


139/1080 


13.8 




3 


.5 


223 ' 


156/1080 


15.0 




4 


.75 


300 


104/1080 


15.0 


50 


5 


1 


563 


127/1080 


11.4 




6 


1.25 


gelled 


NA 


NA 




7 


1.5 


gelled 


NA 


NA 


55 


8 


1.75 


gelled 


NA 


NA 
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Example 2 

[0088] 60 g of MQ resin, 60 g of Polymer 6, 80 g of Epoxysilane 2 and 4 g of 25 wt % NaOMe in methanol were 
combined in a closed vessel and left to react 16 hours at room temperature. The reactions were completed by heating 
5 the mixture to ZO'^C. for 1 hour then neutralizing it with 2.4 g of acetic acid. Next, the mixture was stripped of volatiles 
with a rotovap at 1 50°C. and 5 mm Hg pressure. The filtered fluid did not cure immediately at 50 ft/min (1 5m/min) at 600 
watts (2160 kJ) but did post cure within 1 minute. 

Example 3 

10 

[0089] 1200 g of Polymer 5, 147.6 g of Epoxysilane 2, and 14g of 25 wt % NaOMe in methanol were combined and 
allow to react at room temperature for 16 hours. Next, the mixture was neutralized with 7 g of acetic acid and volatiles 
were removed by stripping the mixture on a rotovap at 150**C. and 5 mm Hg (665 Pa). Next, a 100 g aliquot of this 
stripped reaction mixture, 92 g of MQ resin. 2 g of Epoxysilane 2 and 1 g of NaOMe solution were combined. Next, the 
15 mixture was heated to 75°C for four hours then neutralized with 1 g of acetic acid., and rotovaped at 150°C. and 5 
mmHg (665 Pa). The product had a viscosity of 7000 mm^/s fluid and produced a cure speed of 50 ft/min (1 5 m/min) at 
600 watts (2160 kJ). 

Example 4 

20 

[0090] Two series of experiments were run In which the only two variables were the amount of water of hydrolysis 
added and the order of addition of MQ resin. In Series A, Samples 1 -4, 90 g of Polymer 5, 20 g of Epoxysilane 1 , 1 .2 g 
of 25 wt % NaOMe in methanol and 15 g of MQ resin were combined with an amount of water in g as defined in Table 
2, in a round bottom flask with condenser and warmed to 80°C. for 4 hours. The reacted materials were neutralized with 

25 0.6 g of acetic acid and vacuum stripped at 150*^0. and 5 mm Hg (665 Pa) on a rotovap. In series B. Samples 5-8. the 
identical compositions to series A were used except this time MQ resin was excluded until such time as the polymer, 
silane» water and catalyst had 30 minutes of pre-reaction to give a partially hydrolysed silane capped polymer which 
consequently took part in the digestion of the resin. In series A the hydrolysis, capping and digestion are in direct com- 
petition and an average structure is obtained, as judged by the cure speeds, release levels and viscosity. In series B 

30 greater control over ultimate viscosity is possible. The results are shown in Table 2 below. 



Table 2 



35 


Sample # 


H20 (g) 


Viscosity (mm^/s) 


Cure: Speed/Power 
(m/min//J) 


Release: g/cm (1016 
cm/mi n) 




1 


0 


286 


156/1080 


7.5 




2 


0.25 


319 


156/1080 


8.3 


40 


3 


0.50 


302 


70/1080 


10.6 




4 


0.75 


261 


156/1080 


7.9 




5 


0 


86 


156/1080 


9.5 




6 


0.25 


123 


156/1080 


9.8 


45 


7 


0.50 


163 


156/1080 


8.7 




8 


0.75 


376 


127/1080 


12.2 



50 Example 5 

[0091] In the following series of experiments, higher resin levels result in high release values, but the ultimate vis- 
cosity of the fluid is controlled by prehydrolysing varying levels of Epoxysilane 1 in the presence of: 90 g of Polymer 5, 
1.2 g of 25 wt % NaOMe in methanol, and x g of water (see Table 3) at 80°C. for 30 minutes, then adding 45 g of MQ 
55 resin and heating to 80°C. for another 4 hours. The reacted materials were neutralized with 0.6 g of acetic acid and vac- 
uum stripped at 150°C and 5 mm Hg (665 Pa) on a rotovap. 
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Table 3 
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Sample # 


H20 (g) 


Viscosity (mm^/s) 


Cure: Speed/Power 

(m/min//J) 


Release: g/cm (1016 
cm/mi n) 


1 


0.7 


409 


34/1 080 


34.6 


2 


1.2 


417 


89/1080 


17.7 


3 


1.8 


1471 


104/1080 


16.5 


4 


2.3 


2476 


70/1080 


22.4 



[0092] In a round bottom flask with condenser. 20 g of Epoxysilane 1 , 1 5 g of MQ resin, 0.1 g of 25 wt % of NaOMe 
15 in methanol, and 90 g of a mixture of two hydroxy-terminated polydimethylsiloxanes. The mixture of was a mixture of 
Polymers 4 and 5, which are higher molecular weight polymers (see Table 4). The clear solutions were then warmed to 
80°C. for 4 hours. The base was neutralized with 0.25 g of acetic acid and vacuum stripped at 150**C. and 5 mm Hg on 
a rotovap. The results are shown in Table 4 below. 



20 



Table 4 





Polymer A 


Polymer B 


Cure: Speed/Power 
(m/min//J) 


Release: g/cm (1016 
cm/mi n) 


25 


90 g Polymer 5 




138/1080 


7.1 




80 g Polymer 5 


10 g Polymer 3 


38/1080 


7.9 




80 g Polymer 5 


1 0 g Polymer 4 


38/1080 


.8.3 




80 g Polymer 5 


1 0 g Polymer 1 


27/1080 


8.7 


30 


80 g Polymer 5 


10 g Polymer 2 


27/1080 


8.7 



35 



45 



SO 



Example 6 

[0093] An epoxy functional resin-polymer organosilicone network was produced by mixing 15 g of MQ Resin, 23 g 
of Epoxysilane 1 , 80 g of Polymer 5, 1 0 g of Polymer 6 and 2g of 25 % NaOMe in methanol to a 3 necked round bottom 
flask equipped with a stirrer and reflux condenser. The mixture was heated at 80°C. for 4 hours prior to the addition of 
1g of acetic acid. The liquid was then filtered and stripped at 150°C. for 1 hour at 5mm Hg (665 Pa). The viscosity of the 
final product was 1 93 mm^/s. 

[0094] An acrylate composition was prepared by mixing lOOg of the organosilicone network prepared above with 
1 0 g of acrylic acid and 1 g of tetramethylguanidine(TMGA). This mixture was heated in lOOg of toluene for 1 6 hours at 
1 00°C. The sample gelled. 

[0095] A second acrylate composition was prepared by using trifluoromethane sulfonic acid as a catalyst instead of 
TMGA. An acrylate composition was prepared by mixing 100 g of the organosilicone network prepared above with 5g 
of acrylic acid and 0.1 g of trifluoromethane sulfonic acid then heating this mixture at SO'^C. for 16 hours. This sample 
also resulted in a gel. 

[0096] A silicone acrylate was obtained by mixing 1 00 g of the organosilicone network prepared above with 5 g of 
acrylc acid and 0.1 g of tetrabuty lammonium fluoride (catalyst) in 1 00 g of toluene containing 200 ppm of phenothiazine 
(a stabilizer for acrylates) in methanol. The mixture was heated at 80<>C. for 16 hours, prior to stripping on a rotovap at 
80°C. and 1 0 mm Hg (1 .3 kPa). Next, a radiation curable silicone composition containing 98 wt% of the silicone acrylate 
prepared above and 2 wt% Darocure® 1 173 (2-hydroxy-2-methyl-1-phenyl-propan-1-one from Ciba Geigy. Terrytown, 
N.Y.) was cured to a solid coating on a paper substrate when passed beneath a Fusion H bulb UV lamp. 



55 



Example 7 

[0097] Materials suitable for radiation curing where prepared via two distinct methods. In Examples 7A, 7B, and 7C, 
at least one hydroxy l-terminated polydimethylsiloxane polymer, MQ Resin , MTM and 0.2pts NaOMe in methanol were 
heated at 80°C. for 3 hours. The resulting resin-polymer network was neutralized with 0.1 parts of acetic acid. The 
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methoxy functionality on the resin polymer network was then reacted in a transesteriflcation reaction with HBVE 
(hydroxybutylvinylether) using 100 ppm tetrabutyl titanate(TBT). Example 7D is distinct in that at least one hydroxyl-ter- 
minated polydimethylsiloxane polymer, MQ Resin, MTM and HBVE where combined in one pot and 0.1 parts of NaOMe 
in methanol was used to both digest the resin, condense the SiOH and transesterify the alcohol. All samples were vac- 
5 uum stripped to greater than 98.5% non volatile content at 150°C. and 5mm Hg (665 Pa) vacuum. The amount of MQ 
Resin, MTM, Polymer type, Polymer amount and HBVE amount are shown in Table 5. 



Table 5 
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Example 


MQ Resin(g) 


MTM (g) 


Polymer types 


Polymer (g) 


HVBE (g) 


Sequential 




7A 


50 


100 


Polymer 3 


100 


50 


YES 




7B 


25 


100 


Polymers 5/6 


100/100 


50 


YES 


15 


7C 


50 


100 


Polymer 3/6 


10/90 


50 


YES 




7D 


50 


100 


Polymer 5/6 


50/50 


50 


NO 



Claims 

20 

1. A radiation curable silicone composition comprising: 

(a) at least one alkoxylated resin-polymer organosilicone network obtained by a method comprising: 
25 (I) reacting a mixture containing: 

(A) a component selected from: 

(A)(!) at least one silicone polymer containing at least two hydroxy groups; 

(A) (ii) at least one organic polymer containing at least two hydroxy groups; and 
30 (A)({ii) a mixture of (A)(i) and {A)(ii); 

(B) an MQ organosilicone resin; 

(C) at least one alkoxysHane containing at least one radiation curable group; 

(D) a catalytic amount of a basic catalyst; and 

3^ (II) adding (E) a neutralizing agent to the product of (I); and 

(b) a cationic photoinitiator. 

2. A composition according to claim 1 wherein (C) is a compound having the empirical formula R\Si(OR2)^4_jjj 
40 wherein x is 1 , 2 or 3, R^ is independently selected from alkyi groups and a radiation curable group selected from 

epoxy containing groups, acryloxy groups and methacryloxy groups, and R^ is an alkyI group having from 1 to 6 
carbon atoms with the proviso that at least one R^ is a radiation curable group. 

3. A composition according to claims 1 or 2 wherein the mixture of step (I) further comprises an alkyI functional alkox- 
45 ysllane selected from methyltrimethoxysilane or dimethyldimethoxysilane. 

4. A composition according to any of claims 1 to 3 wherein the mixture of step (I) further comprises water. 
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5. A composition according to any of claims 1 to 4 wherein Component (C) is an epoxy functional alkoxysilane and 
Component (a) is obtained by a method comprising reacting the product of (II) with a mixture comprising (H) an 
unsaturated carboxylic acid and (J) a basic catalyst. 



6. A radiation curable silicone composition comprising: 

(Q') at least one alkoxylated resin-polymer organosilicone network obtained by a method comprising: 
(I) reacting a mixture containing: 
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(A) a component selected from 

(A)(i) at least one silicone polymer containing at least two hydroxy groups. 
{A)(ii) at least one organic polymer containing at least two hydroxy groups, and 

(A) (iii) a mixture of (A)(i) and (A)(ii); 

(B) an MQ organ osilicone resin; 

(C) at least one alkyl functional alkoxysilane; 

(D) a catalytic amount of a basic catalyst; 

(II) adding (E) a neutralizing agent to the product of (I); and 

(III) reacting the product of (II) with (F) a mono-organic alcohol containing at least one radiation curable 
group in the presence of (G) a transesterification catalyst; and 

(b) a cationic photoinitiator. 

75 7 A composition according to any of claims 1 to 6 wherein Component (A) is Component (A)(i) and Component (A){i) 
is at least one hydroxy-terminated polydimethylsiloxane having the formula HO-(Me2SiO)n-H wherein Me denotes 
methyl and n has a value such that the viscosity of the hydroxy-terminated polydimethylsiloxane is from 10 to 
60,000 mm^/s. 

20 8. Acomposition according to any of claims 1 or 7 wherein (B) is an.MQ organosilicone resin having the empirical for- 
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mula 



[R3SiOi/2]a[R2Si02/2]b[RSi03/2]c[Si04/2ld 



Wherein each R is independently a methyl group or a hydroxyl group, and a. b. c and d are zero or positive numer- 
ical values with the provisos that a ^ b + c + d = 1 . 0 < (b + c) < 0,2 and the ratio of a:(b+c+d) »s from 0.3:1 to 1 :1 . 

9. A composition according to any of claims 1 to 8 wherein (b) is bis(dodecylphenyl) iodonium hexafluoroantimonate. 

30 10. A composition according to any of claims 1 to 9 wherein the composition further comprises (c) a free radical pho- 
toinitiator. 

. 11. A composition according to any of claims 1 to 10 wherein the composition further comprises (d) a sensitizer. 

35 12 A method of making an article of manufacture comprising: (I) applying a radiation curable silicone composition 
according to any of claims 1 to 1 1 to a solid substrate to form a coating and (II) exposing the coating to an energy 
source selected from the group consisting of (i) actinic radiation and (ii) actinic radiation in combination with heat in 
an amount sufficient to cure the coating. 
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